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APPARATUS AND METHOD FOR DETECTING FREQUENCY 

CHARACTERISTIC OF SIGNAL 

This application claims the priority of Korean Patent Application No. 
2002-47357 filed 10 August 2002, in the Korean Intellectual Property Office, 
the disclosure of which is incorporated herein in its entirety by reference. 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of detecting a frequency 
characteristic, and more particularly, to a method of more precisely processing 
an image signal by analyzing the frequency distribution of the signal and using 
the analysis result in a signal processing block to reduce noise in the signal or 
improve details of the signal. 

2. Description of the Related Art 

FIG. 1 illustrates a conventional noise reduction device set on a 
filtering frequency band. If the device is a high-pass filter, only high- 
frequency components of a signal are allowed to pass through the filter and 
other components are filtered. If the device is a band-pass filter, only 
frequencies within a particular frequency band are allowed to pass through the 
filter. If the device is a low-pass filter, only low-frequency components are 
allowed to pass through the filter. 



[04] FIG. 2 illustrates a conventional detail enhancement device. The 

conventional detail enhancement device is also set on a filtering frequency 
band. As above, the device may be a high-pass filter, a band-pass filter, or a 
low-pass filter. The detail enhancement device makes components which 
cannot be perceived by the human eyes look sharper by amplifying a filtered 
signal and lapping the filtered signal over the original signal. 

[05] FIG. 3 is a table illustrating the maximum frequency, sampling 

frequency, and Nyquist frequency of a pixel of different types of input images. 
Referring to FIG. 3, the maximum frequency is 4.3 Mhz when an input image 
is a standard definition (SD) image, i.e., the resolution is 720x480 which is the 
same as that of an image generated using the National Television System 
Committee (NTSC) standard or the phase alternation line (PAL) standard. 
Sampling is the process of making a discontinuous pulse train by cutting a 
continuous wave signal by predetermined intervals of time. Here, the 
predetermined interval of time is called sampling frequency. As is well 
known, the sampling frequency is two times greater than the maximum 
frequency component of a signal. This is because frequency folding occurring 
at a frequency component greater than the sampling frequency/2 causes 
aliasing. The sampling frequency/2 is called the Nyquist frequency. 
Referring to FIG. 3, the sampling frequency of the input SD image is 13.5 
Mhz and the Nyquist frequency is 6.75 Mhz. 

[06] When the input image is a high -definition (HD) image, i.e., the 

resolution of the input image is 1920x1080, the maximum frequency is 30 
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Mhz. In this case, the sampling frequency is 74.25 Mhz and the Nyquist 

frequency is 37.125 Mhz. 
[07] If an SD image of 720x480, which has the maximum frequency of 4.3 

Mhz, is up scaled to an HD image of 1920x1080, the maximum frequency of 

the pixels of the up-scaled HD image in the horizontal direction is 8.87 Mhz, 

i.e., (4.3/6.75) x(720/1920) X37.125 = 8.87 Mhz. 
[08] That is, if an image is up scaled or down scaled, the maximum 

frequency of the pixels of the scaled image is determined by resolution and 

frequency ratios. 

[09] FIG. 4 illustrates waveform diagrams of signals passing through a 

conventional high-pass filter. When an input image signal having a waveform 
41 passes through a high-pass filter with a filtering frequency band 42, a signal 
having a waveform 43 is output from the filter. However, when an up-scaled 
image signal having a waveform 44 is filtered by the high-pass filter having 
the filtering frequency band 42, since a cutoff frequency is much higher than 
the scale ratio of the up-scaled image, data output from the filter is not 
reliable. For instance, if the scaled signal having the waveform 44 is a signal 
that is scaled to the double of the original signal, no image signal is output 
from the high-pass filter with the filtering frequency band 42, the cutoff 
frequency of which is 7i/2, when the scaled signal passes through the high-pass 
filter. Therefore, it is impossible to reduce noise in the signal or enhance the 
details of the signal. 
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[10] There are various types of image signals including SD image signals 

and HD image signals. Also, as different types of image processors are 
developed, scaling is frequently required to adjust the resolution of an image 
signal to match an image processor. For instance, in order to reproduce an SD 
image in an HD-TV, the SD image needs to be up scaled so that its resolution 
is adjusted to be equivalent to that of the HD-TV. As described above, when 
the up-scaled image is processed using a high-pass filter whose cutoff 
frequency is much higher the scale ratio of the image as explained with 
reference to FIG. 4, the filtering operation is not successfully performed, and 
thus data output from the filter is not reliable. Further, the absence of reliable 
data results in a failure to reduce noise in an image signal or enhancing the 
details thereof using the conventional filter. 

SUMMARY OF THE INVENTION 

[11] The present invention provides an apparatus and method for more 

reliably detecting the frequency characteristic of an input signal, the frequency 
characteristic being applied to an image signal processing block that reduces 
noise in the input signal and enhances the details thereof. 

[12] According to an aspect of the present invention, there is provided an 

apparatus for detecting a frequency characteristic of a signal, the apparatus 
comprising an indication value calculator which calculates an indication value 
which indicates a difference between a filtering frequency band of an image 
signal processor and a desired filtering frequency band of a signal; a level 
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selector which selects the level of a section from sections labeled with 
different levels with respect to the indication value; and a frequency 
characteristic determination unit which determines the selected level as the 
frequency characteristic. 
[13] According to another aspect of the present invention, there is provided 

an apparatus for reducing noise in an input signal based on a frequency 
characteristic, comprising a frequency characteristic detector which detects the 
frequency characteristic of the input signal; and a noise reduction unit which 
reduces noise in the input signal based on the detected frequency 
characteristic. 

[14] According to yet another aspect of the present invention, there is 

provided an apparatus for enhancing the details of an input signal, the 
apparatus comprising a frequency characteristic detector which detects the 
frequency characteristic of the input signal; and a detail enhancement unit 
which enhances the details of the input signal based on the detected frequency 
characteristic. 

[15] According to still another aspect of the present invention, there is 

provided a method of detecting the frequency characteristic of an input signal, 
the method comprising calculating an indication value which indicates the 
difference between a predetermined basic filtering frequency band and a 
desired filtering frequency band of the input signal; selecting the level of a 
section from sections labeled with different levels with respect to the 
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indication value; and determining the selected level as the frequency 
characteristic. 

[16] According to still another aspect of the present invention, there is 

provided a method of reducing noise in an input signal based on a frequency 
characteristic, the method comprising detecting the frequency characteristic of 
the input signal; and reducing noise in the input signal based on the detected 
frequency characteristic. 

[17] According to still another aspect of the present invention, there is 

provided a method of enhancing the details of an input signal, the method 
comprising detecting the frequency characteristic of the input signal; and 
enhancing the details of the input signal based on the detected frequency 
characteristic. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[18] The above and other aspects and advantages of the present invention 

will become more apparent by describing in detail exemplary embodiments 

thereof with reference to the attached drawings in which: 
[19] FIG. 1 illustrates a conventional noise reduction apparatus; 

[20] FIG. 2 illustrates a conventional detail enhancement apparatus; 

[21] FIG. 3 is a table illustrating the maximum frequency, sampling 

frequency, and Nyquist frequency of a pixel of different types of input images; 
[22] FIG. 4 illustrates waveform diagrams of image signals passing through 

a conventional high-pass filter; 
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[23] FIG. 5 is a block diagram of an apparatus for detecting the frequency 

characteristic of the input signal, according to an exemplary embodiment of 
the present invention; 

[24] FIG. 6 is a block diagram of an apparatus for reducing noise in an 

input signal based on the frequency characteristic of the input signal, 

according to an exemplary embodiment of the present invention; 
[25] FIG. 7 is a block diagram of an apparatus for enhancing the details of 

an input signal based on the frequency characteristic of the input signal, 

according to an exemplary embodiment of the present invention; 
[26] FIG. 8 illustrates a frequency response characteristic curve of a (-1 2 

-l)/4 filter used in the present invention; 
[27] FIG. 9 is a table illustrating indication values obtained when inputting 

an up-scaled input image to the (-1 2 -l)/4 filter; 
[28] FIG. 10 illustrates waveform diagrams of image signals passing 

through a filter according to the present invention; 
[29] FIG. 11 is a flowchart illustrating a method of reducing noise in an 

input signal based on the frequency characteristic, according to an exemplary 

embodiment of the present invention; 
[30] FIG. 12 is a flowchart illustrating a method of enhancing the details of 

an input signal based on the frequency characteristic, according to an 

exemplary embodiment of the present invention; 
[31] FIG. 13 is a flowchart illustrating a method of detecting the frequency 

characteristic of an input signal; and 



[32] FIG. 14 is a flowchart illustrating a method of calculating indication 

value, the method being included in a method of detecting the frequency 
characteristic of an input signal, according to an exemplary embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[33] FIG. 5 is a block diagram of an apparatus for detecting the frequency 

characteristic of an input signal, according to an exemplary embodiment of the 
present invention. The apparatus includes an indication value calculator 51, a 
level selector 52, and a frequency characteristic determination unit 53. 

[34] The indication value calculator 51 calculates an indication value that 

indicates the difference between a filtering frequency band of an image signal 
processor and a desired filtering frequency band of a signal. The level selector 
52 selects the level of a section from sections labelled with different levels 
with respect to the indication value. The frequency characteristic 
determination unit 53 determines the selected level as the frequency 
characteristic of the signal. That is, the determined level is used in adjusting a 
filtering frequency band. 

[35] Provided that the signal is an image signal, the indication value 

calculator 51, the level selector 52, and the frequency characteristic 
determination unit 53 will now be explained in a greater detail. 

[36] The indication value calculator 51 includes a resolution ratio calculator 

511, a frequency ratio calculator 512, a normalized frequency calculator 513, a 
normalized amplitude calculator 514, and an indication value setter 515. The 



resolution ratio calculator 511 calculates a resolution ratio of a standard 
resolution in the image signal processor to a resolution of an image signal. 
The image signal processor may be an apparatus for reducing noise in the 
input image signal or an apparatus for enhancing the details of the input image 
signal. In other words, the image signal processor may be used to detect the 
frequency characteristic of the input image signal either in the apparatus for 
reducing noise in the input image signal or the apparatus for enhancing the 
details thereof. The standard resolution is the resolution of an image signal 
filtered at a filtering frequency band which is basically provided by the image 
signal processor. For instance, if the image signal processor is capable of 
processing a standard definition (SD) image of 720x480, the resolution is 
720x480. Also, the resolution of the input image signal is obtained by scaling 
the standard resolution to match a image signal output device. For instance, if 
the image signal output device is a high-definition (HD) TV which supports 
the resolution of 1920x1080, the SD image needs to be scaled to an HD image 
of 1920x1080. Therefore, the resolution of the input image signal is 
1920x1080. The frequency ratio calculator 512 calculates a frequency ratio of 
the frequency of each pixel of the image signal to the Nyquist frequency. The 
normalized frequency calculator 513 calculates a normalized frequency by 
multiplying the resolution ratio by the frequency ratio. The normalized 
amplitude calculator 514 calculates normalized amplitude by adjusting the 
normalized frequency to the frequency response characteristic curve of a filter. 
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Here, the filter may be a high-pass filter such as a (-1 2 -l)/4 filter. The 
(-1 2 -l)/4 filter is a digital filter that calculates a normalized amplitude by 
multiplying three bit streams having normalized frequencies by -1/4, 1/2, and 
-1/4, respectively, and adding the multiplication results together when the 
three bit streams are input to the filter. The indication value setter 515 
properly performs an operation on the normalized amplitude and sets the result 
as the indication value. 

[37] In detail, the indication value setter 515 performs convolution on the 

frequency function of the normalized frequency and that of the filter, and sets 
the absolute value of the convolution result as the indication value. 

[38] The process of setting the indication value with the indication value 

setter 515 can be expressed with the following equations: 
y(n) = f(n)*x(n)=>abs(y(n)) = 0 -128 ... (1) 
wherein x(n) denotes an input value, f(n) denotes the value of a filter, 
y(n) denotes an output value, X(w) denotes a value obtained by performing the 
Fourier transform on the input value, F(w) denotes a value obtained by 
performing the Fourier transform on the value of the filter, and Y(w) denotes a 
value obtained by performing the Fourier transform on the output value. 

[39] If the Fourier transform is performed on both sides of Equation 1, the 

following equations are obtained: 

abs(Y (w)) = abs(F(w)) x abs(X (w)) ... (2) 
phase(Y ( w)) = phase(F(w)) + phase(X (w)) ... (3) 



10 



[40] If the filter is a (-1 2 -2)/4 filter, abs(F(w)) = 0 - 1 in Equation (1). If 

flWW) or abs( Y(w)) = 0 - N in Equation (1), abs(X(w)) or rfu^ = 0-1 
when the both sides of Equation 1 are normalized. Therefore, Equation (2) 
needs to be expanded without being normalized. 
[41] If abs(X(w)) is 0.28 or less, abs(Y(w)) is always 0.28 or less. 

abs(X(w)) = 0.28 x abs(XX(w)) ... (4) 
abs(Y(w)) = 0.28 x abs(YY(w)) ... (5) 
[42] If XX(w) = 0 - 1 and YY(w) = 0 - 1 in Equations (4) and (5), the inverse 

Fourier transform is performed to obtain the following equation: 
y(n) = 0.28 x yy{n) = f(n) * 0.28 x xx(n) ... (6) 
[43] In this case, abs(y(n)) = 0 - 0.28x128(37). 

[44] In the above equations, * is a convolution sign, x is a multiplication 

sign, and abs denotes an absolute value. 

[45] The level selector 52 divides the indication values of all of the pixels 

of the input image signal into several sections so that the indication values 
belong to sections labelled with different levels, respectively, and then selects 
the level of a section. The indication values are continuous values, and thus, it 
is efficient to dispersively express the indication values by dividing them into 
several sections, when determining a filtering frequency band that is 
applicable to all of pixels. Also, the smaller the difference between adjacent 
levels and the more the number of the levels, the more precisely the 
distribution of the frequencies of an input image can be estimated. The 
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frequency characteristic determination unit 53 determines one of the levels of 
the pixels, which corresponds to most of the indication values, as the 
frequency characteristic. That is, the level of a pixel by which the frequency 
of the input image signal can be adjusted to the most proper filtering 
frequency band when filtering the input image signal, is determined as the 
frequency characteristic. 
[46] FIG. 6 is a block diagram of an apparatus for reducing noise in an 

input signal based on a frequency characteristic, according to an exemplary 
embodiment of the present invention. The apparatus includes a signal input 
unit 61, a frequency characteristic detector 62, a noise reduction unit 63, and a 
signal output unit 64. 

[47] The signal input unit 61 receives a signal generated by a signal 

generating apparatus such as a receiver. The frequency characteristic detector 

62 detects the frequency characteristic of the signal. The noise reduction unit 

63 reduces noise in the signal based on the frequency characteristic. The 
signal output unit 64 outputs the signal in which noise is reduced to an 
external apparatus such as a monitor terminal. Here, the signal may be an 
image signal or a voice signal but in general, it is an image signal. 

[48] More specifically, the frequency characteristic detector 62 selects the 

level of a section of sections of predetermined numbers with respect to an 
indication value which indicates the difference between a predetermined basic 
filtering frequency band and a desired filtering frequency band of the signal, 
and then determines the selected level as the frequency characteristic. Here, 
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the sections denote different levels. In general, an apparatus for reducing 
noise in an input signal, for example, a filter, is used to filter a signal that is 
not scaled. If the input image signal is a scaled signal, the apparatus is not 
capable of appropriately filtering the signal when a filtering frequency band 
for the apparatus is set, and thus, the filtering frequency band must be 
changed. Accordingly, there is a need to obtain a level based on values which 
indicate the difference between the basic filtering frequency band and the 
desired filtering frequency band. The level can be determined by computing 
the difference between the basic filtering frequency band and the desired 
filtering frequency band. Here, the values indicating the difference are 
continuous values. Thus, it is efficient to dispersively express the indication 
values by dividing them into several sections when determining a filtering 
frequency band that is applicable to all pixels. The noise reduction unit 63 
filters the signal by adjusting the filtering frequency band based on the 
frequency characteristic, i.e., the determined level. That is, the noise reduction 
unit 63 filters the signal by appropriately adjusting the filtering frequency 
band to be proportional to the scale ratio of the signal when the signal is a 
scaled signal. 

FIG. 7 is a block diagram of an apparatus for enhancing details of an 
input signal based on a frequency characteristic, according to an exemplary 
embodiment of the present invention. The apparatus includes a signal input 
unit 71, a frequency characteristic detector 72, a detail enhancement unit 73, 
and a signal output unit 74. 
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[50] The signal input unit 71 receives a signal generated by a signal 

generating apparatus such as a receiver. The frequency characteristic detector 
72 detects the frequency characteristic of the signal. The detail enhancement 
unit 73 enhances the details of the signal based on the frequency characteristic. 
The signal output unit 74 outputs the detail-enhanced signal to an external 
apparatus such as a monitor terminal. Here, the signal may be an image signal 
or a voice signal but in general, it is an image signal. 

[51] In detail, the frequency characteristic detector 72 selects the level of a 

section from sections labelled with different levels with respect to each 
indication value which indicates the difference between a predetermined basic 
filtering frequency band and a desired filtering frequency band of the signal, 
and then sets the selected level as the frequency characteristic. In other words, 
if the input image signal is a scaled signal, an apparatus for reducing noise in 
an input signal, for example, a filter, is not capable of appropriately filtering 
the signal when a filtering frequency band is set to be proper to filter the 
original signal. Thus, the filtering frequency band must be changed. 
Accordingly, there is a need to obtain a level based on values which indicate 
the difference between the basic filtering frequency band and the desired 
filtering frequency band. The level can be determined by computing the 
difference between the basic filtering frequency band and the desired filtering 
frequency band. Here, the values indicating the difference are continuous 
values. Thus, it is efficient to dispersively express the indication values by 
dividing these values into several sections when determining a filtering 
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frequency band that is applicable to all pixels. The detail enhancement unit 73 
filters the signal by adjusting the filtering frequency band based on the 
frequency characteristic, amplifies the filtered signal, and overlaps the 
amplified signal with the input signal. That is, when the signal is a scaled 
signal, the detail enhancement unit 73 filters the signal by appropriately 
adjusting the filtering frequency band to be proportional to the scale ratio of 
the signal, amplifies the filtered signal, and overlaps the amplified signal with 
the input signal, thereby improving the quality of an image signal or a voice 
signal. 

[52] FIG. 8 is a graph illustrating the frequency response of a (-1 2 -l)/4 

filter used in the present invention. The (-1 2 -l)/4 filter may be used in the 
normalized amplitude calculator 514 of FIG. 5. The (-1 2 -l)/4 filter is a 
digital filter that calculates a normalized amplitude by multiplying three bit 
streams of normalized frequencies by -1/4, 1/2, and -1/4, respectively, and 
adding the multiplication results together, when the three bit streams are input 
to the filter. For instance, the filter outputs a value 0 when a bit stream (0 0 0) 
or (1 1 1) is input to the filter and outputs a value -1/2 when a bit stream (10 
1) is input to the filter. 

[53] FIG. 9 is a table illustrating indication values obtained when up-scaled 

input images are input to a (-1 2 -1/4) filter. In detail, FIG. 9 illustrates 
indication values output from the filter when input images of a range between 
0 and 255 are up scaled and then pass through the filter. It is possible to 
calculate the maximum frequencies and the frequency characteristic of the 
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input images using the indication values, i.e., the distribution of the levels of 
the indication values. For instance, if an input image of 720x480 is up scaled 
to 1280x720, the maximum frequency of a pixel is 4.3 Mhz, the Nyquist 
frequency is 6.75 Mhz, and the normalized maximum frequency is 0.36 Mhz. 
The frequency response characteristic curve of the filter reveals that the 
normalized maximum amplitude is 0.28. Let us assume that indication values 
under 8, indication values between 17 and 36, indication values between 36 
and 70, and indication values above 71 belong to levels A, B, C, and D, 
respectively. If the number of indication values belonging to levels C and D is 
0 and a plurality of indication values belong to level B, the normalized 
maximum frequency is 0.36 and most of the pixel data of the input image 
signal are present at a frequency band between 0.24 and 0.36. 

FIG. 10 illustrates waveform diagrams of image signals passing 
through a filter according to the present invention. Referring to FIG. 10, when 
an input image signal having a waveform 101 passes through a high-pass filter 
with a filtering frequency band 102, a signal having a waveform 103 is output 
from the filter. However, when an up-scaled image signal having a waveform 
104 passes through the high-pass filter with the filtering frequency band 102, 
no image signal is output from the filter. In this case, it is impossible to 
reduce noise in the signal or enhance the details of the signal. However, a 
signal having a waveform 106 is output from the filter when the filtering 
frequency band 102 of the filter is changed to a filtering frequency band 105 
based on the frequency characteristic of the input image signal. 
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[55] FIG. 1 1 is a flowchart illustrating a method of detecting the frequency 

characteristic of an input signal. Referring to FIG. 11, an indication value, 
which indicates the difference between the basic filtering frequency band of a 
signal processor and a desired filtering frequency band of a signal, is 
calculated in action 111. Next, the level of one of the sections of a 
predetermined number is selected with respect to the indication value in action 
112, the sections being labelled with different levels. Next, the selected level 
is set as the frequency characteristic in action 113. Here, the filtering 
frequency band is adjusted using the set level, and in general, the signal is an 
image signal. 

[56] FIG. 12 is a flowchart illustrating a method of calculating an indication 

value, the method being included in a method of detecting the frequency 
characteristic of an input signal, according to an exemplary embodiment of the 
present invention. First, a ratio of the standard resolution of an image signal 
processor to the resolution of an image signal is calculated in action 121. The 
image signal processor may be an apparatus for reducing noise in an input 
image signal or an apparatus for enhancing the details of an input image 
signal. The standard resolution is the resolution of an image signal that can be 
filtered at a basic filtering frequency band of the image signal processor. The 
resolution of the input image signal corresponds to a resolution obtained by 
scaling the standard resolution to match the resolution of an image signal 
output device. After action 121, a ratio of the frequency of each pixel of the 
image signal to the Nyquist frequency is calculated in action 122. Next, a 
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normalized frequency is calculated by multiplying the resolution ratio by the 
frequency ratio in action 123. Next, normalized amplitude is calculated by 
adjusting the normalized frequency to the frequency response characteristic 
curve of a certain filter in action 124. In the exemplary embodiment of the 
present invention, a high-pass filter is used as the filter. After action 124, an 
operation is performed on the value of the normalized amplitude and the result 
is set as the indication value in action 125. In detail, convolution is performed 
on the frequency functions of the normalized amplitudes and the frequency 
function of the filter with respect to the pixels of the input image signal, and 
the absolute value of the convolution values is set as the indication value. 
After action 125, the indication values of all of the pixels are categorized into 
several sections so that they belong to sections labelled with levels, and then, 
one of sections labelled with different levels is selected with respect to the 
indication value of each pixel, in action 112. After action 112, one of the 
levels, which correspond to most of the pixels, is determined as the frequency 
characteristic in action 113. 

FIG. 13 is a flowchart illustrating a method of reducing noise in an 
input image signal based on a frequency characteristic, according to an 
exemplary embodiment of the present invention. First, a signal is input to a 
filter in action 131. Next, the frequency characteristic of the signal is detected 
in action 132. More specifically, the level of one of the sections of a 
predetermined number is selected with respect to each of the indication values 
which indicate the difference between a predetermined basic filtering 
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frequency band and a desired filtering frequency band of the signal, and the 
selected level is determined as the frequency characteristic. Here, the sections 
are labelled with different levels. After action 132, noise in the signal is 
reduced based on the frequency characteristic in action 133, i.e., the filtering 
frequency band is adjusted based on the frequency characteristic so as to filter 
the signal. Next, the signal in which noise is reduced is output from the filter 
in action 134. Here, the signal may be an image signal or a voice signal, but in 
general, the signal is an image signal. 

FIG. 14 is a flowchart illustrating a method of enhancing the details of 
an input image signal based on a frequency characteristic, according to an 
exemplary embodiment of the present invention. First, a signal is input to a 
filter in action 141. Next, the frequency characteristic of the signal is detected 
in action 142. That is, the level of one of the sections of a predetermined 
number is selected with respect to each of the indication values which indicate 
the difference between a predetermined basic filtering frequency band and a 
desired filtering frequency band of the signal, and the selected level is 
determined as the frequency characteristic. Here, the sections are labelled 
with different levels. After action 142, the details of the input signal are 
improved based on the frequency characteristic in action 143. In detail, the 
signal is filtered by adjusting the filtering frequency band based on the 
frequency characteristic, the filtered signal is amplified, and the amplified 
signal is overlapped over the input image signal. After action 143, the detail- 
enhanced signal is output from the filter in action 144. Here, the signal may 
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be an image signal or a voice signal, but in general, the signal is an image 
signal. 

[59] The present invention can be embodied as a computer readable 

program that can be run by a computer, and implemented in a digital computer 
using a computer readable recording medium. Here, the computer readable 
medium may be any recording apparatus including a magnetic storage 
medium, such as read-only memory (ROM), a floppy disk, and a hard disc, 
and an optical recording medium, such as CD ROM, and DVD). Also, the 
computer readable medium may be a carrier wave that transmits data via the 
Internet, for example. 

[60] While this invention has been particularly shown and described with 

reference to exemplary embodiments thereof, it will be understood by those 
skilled in the art that various changes in form and details may be made therein 
without departing from the spirit and scope of the invention as defined by the 
appended claims. 

[61] As described above, according to the present invention, the distribution 

of frequencies of an input signal is analysed, a filtering frequency band is 
adjusted based on the analysed frequency characteristic, and the input signal is 
filtered at the adjusted filtering frequency band. Therefore, it is possible to 
appropriately filter an input signal regardless of the resolution of the signal. In 
particular, when the input signal is an image signal and the signal is scaled to 
different scale ratios, signals of different scale ratios can be filtered by using 
only one filter. For this reason, the present invention is very useful in a 
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situation where different types of image output apparatuses, such as a 
standard-definition (SD) TV and a high-definition (HD) TV, are used together. 
That is, it is easily to reduce noise in signals of different scale ratios or 
enhance the details thereof by filtering the signals using a filter. 
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